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1. INTRODUCTION:

Our ultimate objective is to prevent fetal Zika virus (ZIKV) infection. We are testing a novel approach for
preventing fetal ZIKV replication, by engineering monoclonal antibody (mAb) delivery to the fetus. We have two
major aims, to define mAb mutations that result in enhanced transplacental transport and to test if a fetus-
targeted mAb can prevent congenital ZIKV infection. The proposed experiments are straightforward: we are
engineering a ZIKV-neutralizing antibody with neonatal Fc receptor (FcRn)-enhancing mutations and testing in
vitro. The ability of this antibody to cross the placenta and prevent ZIKV infection will be tested in vivo in the last
12 months of the award. This award was transferred to the University of Massachusetts Medical School (UMass).

This modification in project site resulted in a delayed start date. Therefore, we are now reporting the early

progress obtained in the initial six months of the grant.

2. KEYWORDS:
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3. ACCOMPLISHMENTS:

Table. 1 Major goals of the project as stated in the approved SOW (current reporting period: 1-6 months).

Specific Aim 1. To define mAb mutations that result in enhanced transplacental transport.

. Timeline Site 1 Site 2 Percentage of
Major Task 1 .
(months) completion
Design, synthesize, express antibody Dr
constructs; DNA sequencing of plasmids 1-8 Ma_n.ani 40%
and viruses ~adnani
Electroporate mAbs in vivo 6-12 Dr. . Dr. Not started
Magnani Rakasz
in vivo mAb level determination by ELISA 612 |, Dr. Not started
agnani
Milestone(s) Achieved: Rank Ig constructs 12 Dr. Not started
with highest transplacental transport rates Magnani

Specific Aim 2. Can a fetus-targeted mAb prevent congeni

tal ZIKV infection?

Major Task 2 Timeline Site 1 Site 2 Percenta_qe of
(months) completion
Produce recombinant monoclonal antibody 13-16 M Dr. . Not started
agnani
Administer antibody to pregnant macaques, 13-18 Dr. Dr. Not started
followed by ZIKV challenge Magnani Rakasz
in vivo mAb level determination by ELISA 13-18 Dr. Not started
Magnani
Zika viral loads Dr. Not started
13-18 .
Magnani
Milestone(s) Achieved: Define efficacy of Dr Not started
fetus-targeted mAb in preventing fetal ZIKV- 18 Magnlani

replication




Our initial experiments were set to design and characterize monoclonal antibody constructs to enhance the
FcRn function (Table 1). During the current reporting period (months 1-6), our only major task as per our
approved Scope of Work (SOW) was to: Design, synthesize, express antibody constructs; DNA sequencing of
plasmids and viruses. Our major activities, specific objectives, and significant results were as follows:

¢ We have secured a challenge stock of Zika virus, a primary isolate from Rio de Janeiro (ZIKV U-1/16). This
isolate is described in the publication below and was re-sequenced recently:

Isolation of Infective Zika Virus from Urine and Saliva of Patients in Brazil.

Bonaldo MC, Ribeiro IP, Lima NS, Dos Santos AA, Menezes LS, da Cruz SO, de Mello IS, Furtado
ND, de Moura EE, Damasceno L, da Silva KA, de Castro MG, Gerber AL, de Almeida LG,
Lourengo-de-Oliveira R, Vasconcelos AT, Brasil P. PLoS Negl Trop Dis. 2016 Jun
24;10(6):e0004816. doi: 10.1371/journal.pntd.0004816. eCollection 2016 Jun. PMID: 27341420

¢ We designed DNA vectors to express the ZIKV-neutralizing antibody SMZAb2 in wild-type and mutated
versions to modify the interactions with FcRn.

¢ We will express our ZIKV-neutralizing antibodies as bi-specific molecules with mutations to enhance FcRn-
binding. Therefore, we have identified and implemented a variety of the methods to characterize bi-specific
antibody constructs and their affinity to FcRn in vitro:

Bispecific antibody characterization techniques

The controlled Fab arm exchange method of bispecific antibody generation utilizes complementary mutations in
the CH3 domain of IgG1 to facilitate bi-specific molecule formation. When two antibodies containing these
mutations are combined and the disulfide bonds connecting the Fab arms reduced, the Fab arms preferentially
recombine with the heterologous arm at an efficiency of >90% (Figure 1).
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Figure 1. Schematic of bispecific antibody generation by controlled Fab arm exchange.
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The bispecific antibody generation platform was developed in the Site 1 by the NIH nonhuman primate reagent
resource (NHPRR) with assistance of the MassBiologics Process Development group. During that process, two
antibodies with the K409R or F405L mutations are made and expressed using our standard antibody expression

2



platform. These antibodies are combined in equimolar amounts in the presence of the reducing agent (50 mM
2-mercaptoethylamine) to separate the antibody chains. The reducing agent is then removed by diafiltration
against PBS, pH 7.4. The efficiency of bispecific antibody production is measured by hydrophobic interaction
chromatography (Figure 2).
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Figure 2. Characterization of the NHPRR bispecific antibodies by hydrophobic interaction chromatography can
distinguish parental from bispecific antibodies. Plotting of hydrophobic interaction chromatography results for
parental and bispecific antibodies demonstrates that the hydrophobicity characteristics of the bispecific antibody
product lie mid-way between the parental antibodies. We will now perform the same biochemical techniques for
distinquishing parental and bispecific antibodies for the anti-ZIKV bi-specific constructs.

In vitro FcRn-binding techniques

We have implemented methods to express soluble FcRn molecules in order to characterize the FcRn-mAb
affinity of the bi-specific antibodies containing FcRn-enhancing mutations.

FcRn expression and purification

Truncated human FcRn were co-transfected into CHO cells with B2M for the production of soluble molecules.
The transfected supernatant was purified with a nickel column and the product was formulated into phosphate-
buffered saline solution (Figures 3, 4). The authenticity of the purified protein fractions was confirmed by ELISA
assays using anti-his (Figure 5) and commercial anti-FcRn antibodies (Figure 6).
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Figure 3. Purification of soluble human FcRn by size exclusion chromatography (SEC). Fractions A, B, C, and
D were collected for additional characterization.
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Figure 4. Electrophoresis of soluble FcRn post SEC elution. After running the elution through the SEC, the
protein was loaded into an SDS for purity evaluation. The recombinant FcRn protein migrated on the
electrophoresis gel at the expected size (32 kDa).
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Figure 5. Anti-his ELISA of soluble FcRn SEC elutions to confirm the presence of the his-tagged recombinant
FcRn.
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Figure 6. Anti-FcRn ELISA of soluble FcRn SEC elutions. Reactivity of the mouse anti-FcRn was used to
authenticate the produced recombinant FcRn protein.

What opportunities for training and professional development has the project provided?

The PI (Diogo Magnani) attended the Keystone conference ‘Antibody as Drugs’ in 2019. He participated in the
in the ‘Engineering (Bispecific) Antibodies’ workshop which helped in refining the critical assays needed to
validate the bi-specific products that will be generated in this grant.

How were the results disseminated to communities of interest?

Nothing to report.



What do you plan to do during the next reporting period to accomplish the goals?

The next reporting period (months 7-18) will contain the results of our most important milestones (Table 1). To
accomplish our goals, we will express the constructs designed during this first reporting period and test them in
the rhesus macaque model of ZIKV infection during pregnancy. We will produce the recombinant antibodies and
finish the in vitro biochemical characterization in the next 3-6 months. We anticipate macaques in the second or
third trimester of pregnancy becoming available in the breeding period of December-March. We will then perform
the preclinical animal experiments to determine if an engineered ZIKV-neutralizing antibody with FcRn-
enhancing mutations can cross the placental barrier at higher rates than wild type.

4. IMPACT:

What was the impact on the development of the principal discipline(s) of the project?
Nothing to Report.

What was the impact on other disciplines?

Nothing to Report.

What was the impact on technology transfer?

Nothing to Report.

What was the impact on society beyond science and technology?

Nothing to Report.

5. CHANGES/PROBLEMS:

Changes in approach and reasons for change

Nothing to Report.

Actual or anticipated problems or delays and actions or plans to resolve them

The preclinical animal experiments proposed in this project depend largely on the availability of pregnant rhesus
animals during the next 12 months. Recently, the Wisconsin National Primate Research Center experienced
problems with supplying pregnant animals for all investigators. While this shortage has not impacted the current
reporting period, it is possible that these animal supply issues will remain. Shall these problems extend into in
the next granting period, the Pl will request a modification of the animal contract site to the University of California
Davis California National Primate Research Center (these plans were already discussed with both centers). Note
that no work was done at the Wisconsin site to date.



Changes that had a significant impact on expenditures
Nothing to Report.

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select
agents

Nothing to Report.

Significant changes in use or care of human subjects Significant changes in use or care of vertebrate
animals. Significant changes in use of biohazards and/or select agents

Nothing to Report.

6. PRODUCTS:

Nothing to Report.

7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

What individuals have worked on the project?

Name: Diogo Magnani
Project Role: Principal Investigator
Researcher Identifier (e.g. ORCID ID):J0000-0002-1773-2406
Nearest person month worked: 1

Dr. Magnani oversees all steps of the project, including

Contribution to Project: . . . . ;
experimental planning, execution, analysis and reporting.

Funding Support: No change.

Name: Walter Flores

Project Role: Research Associate

Researcher Identifier (e.g. ORCID ID):|Not available

Nearest person month worked: 2
Mr. Flores is responsible for producing and qualifying the

Contribution to Project: recombinant proteins used in this project. He also performs
the in vitro assay analyses.

Funding Support: No change.

Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since the
last reporting period?



Nothing to Report.

What other organizations were involved as partners?
Nothing to Report.
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